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This invention relates to a pressure vessel for 
use in processes such as the hydrogenation of 
hydrocarbons. In such processes, hydrogen or 
hydrogen evolving compounds are introduced into 
a vessel or retort and brought in contact with 
the hydrocarbon substance to be treated under 
conditions of high pressure and temperature. 
During this process hydrogen passes into the 
metal of the walls of the vessel, and in vessels 
fabricated from plain carbon steel, embrittlement 
results and eventually cracks and splits occur in 
the vessel. _, - 

~It has been the practice heretofore to construct 
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hydrogenating apparatus from alloys of ' steel 
such as aluminum, chromium, molybdenum, 
tungsten, vanadium and manganese steels having 

- a low carbon content. Because of the ‘character 
of the compounds used and the temperaturecon 
ditions, the alloy composition must be capable of 
resisting chemical reaction as well as the e?’ect 
of hydrogen absorption. 
These vessels have been made in the form of 

long narrow cylinders with walls of extreme 
thickness to withstand the very high internal 
pressures employed. Materials, such as those 
mentioned, which are less-injuriously a?ected by 
hydrogen embrittlement are much more expen 
sive than plain carbon steel and increase the 
already relatively high cost of this process ‘of 
obtaining lighter hydrocarbons. ‘The rolling of 
heavy plate stock or the forging of single piece 
vessels presents additional problems and added 
expense in the-fabrication oi’ such vessels. 

It is an object of the. present invention to 
‘produce an improved vessel of _multi-layer con 

. struc'tion, which has increased resistance to pres 
sure and heat and which may utilize plain steel 
material without any‘ danger of embrittlement. 
A further object of the present invention is 

to provide a vessel of increased diameter without 
. involving expensive rolling or forming operations. 

A still further object is to provide a vessel 
which is less apt to explode than vessels hereto 
fore used in this process. - 
Another object is to protect an 

brittlement and deterioration. . 
The invention is illustrated in the accompany-~ 

ing drawings in which: . _ . ‘ 

Figure 1 is a longitudinal central section of a 
vessel embodying the invention; I 

Fig. 2 is an enlarged circumferential section 

ordinary steel‘ 
' vessel used in hydrogenation processes from em 
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through a portion of the wall of the vessel, the 
central portion being broken away to reduce 
the length of the view; 

Fig. 4 is a side elevational view of a portion of 
the body of the vessel partially fabricated; and 

Fig. 5 is a view similar to Fig. 4 showing a 
modi?ed construction. 

Vessels of multi-layer construction have been ' 
made in accordance with the teachings of U. 8. 
.Pat. No. 1,925,118 issued -on September 5th, 1933, 
to Richard Stresau and assigned to the A. 0. 
Smith Corporation of Milwaukee, Wisconsin, vthe 
assignee of the present application. The present 
invention relates to certain improvements in the 
type of vessel disclosed in said patent which make 
it adaptable to the process of hydrogenation. 
As illustrated in Fig. 1, the vessel comprises a 

number of'ring sections ii and is closed at one 
end by a permanently attached head !2. The 
other end of the vessel is equipped with a closure,_ . 
which may be. removed for cleaning out the inter 
ior oi‘ the shell. The closure is conventional and 
no claim is made to its construction. Instead of 
employing the heads illustrated, both heads may 
be ellipsoidal or both may be removable closures 
and it is also possible to construct the heads of 

‘ multi-layers instead of single piece forgings. The 
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‘more impervious, to hydrogen and 

of part of the vessel taken along the line 2--2, 
of Fig. 1; . 

Fig. 3 is an- enlarged longitudinal section 55 

closure shown consists of a ?anged ring 13, the 
inner and outer diameters of its body portion ' 
corresponding to those of the vessel shell, and a 
head H with a ?ange corresponding to the ?ange 
on the ring it. The ?anges are brought together 
by a pair of clamps ii of annular shape, the in 

_ ner surfaces of which are grooved to correspond 
with and’ enclose the aforementioned ?anges. 
The clamps may be tightened by bolts or any - 
suitable means. A gasket I6 is provided to seal 
the joint between the head I4 and the ring l3. 
Any number of ring sections ll may be em 

I ployed depending upon the length of vessel 'de 
sired. The circumferential joints between the 
rings and the end members are fused together 
icy arc welding in a manner to be more fully de- ' ' 
scribed hereafter. , > ' 

Each ring section is composed of a number‘ 
of layers of cylindrically'ishaped plate members, 
preformed and welded along the longitudinal 
seams created by éfthe meeting edges of the 
plates. The innermost layer i1 is formed from 
a‘ plate of metal or alloy which is preferably 

less injuri 
ously infected by it than plain carbon steel. A 
suitable material.,._is a chrome-vanadium alloy‘ 

‘steel having about 1.5% chrome and .20 to 25% 
vanadium. The carbon content of the alloy 



2 
may approximate 20%. Where replacement of_ 
the inner layers is possible, in certain instances 
ordinary steel may be employed. 
The welding of the longitudinal seams in the ' 

chrome vanadium steel layers should be done 
with the shell heated to a temperature of from 
250°-300° F. Stress relieving of welds and re 
rolling of ring sections is desirable to restore 
roundness to the sections. The ringvsections of 
the layer II are welded end to end at circum 
ferential seams, and hydrostatic tests applied to 
insure that the welds are strong and leak proof. 
~Another layer ll of similar steel as layer 11 is 

vformed and drawn tightly ‘over the inner ring 
to bring the ends into abutting relation for weld 
ing. Seams should be ground flush to permit 
close engagement of layers. After the seams 
are welded, strips I! are tack welded longitudi 
nally of the shell outside of layer It. These 
strips are preferably about 11/; inches wide by! 
about M; inch thick and extend longitudinally of 
the vessel. Gaps 20 are provided between par 
allel strips in a longitudinal direction about 1/4 
of an inch wide. Several strips may conven 
iently be arranged lengthwise of each ring sec 
tion. A number of circumferential spaces 2i of 
about ya inch width are provided in the cen 
tral portion of each ring section and adjacent 
the welds. The spacing is best illustrated in 
Figs. 2, 3 and 4. - ‘ 
Qther arrangements of the strips may be 

made, such as wrapping circumferential strips 
l9’ around the inner layers either as rings, as 
shown in Fig. 5, or in the form of a spiral. Vari 
ous other embodiments of the invention may be 
made, the principal object being to provide a 
chamber between layers covering as large an 
area of the shell as possible and yet supporting 
subsequent layers. 
In the embodiment illustrated the strips l9 

are'formed of either plain carbon steel or of al 
loy and are welded to layer It by ?llet welds. 
Where strips of alloy metal similar to the in 
ner layer are employed, it is possible to eliminate -, 
the intermediate layer l8 and to weld the‘ strips 
directly to the layer 11 without causing undesir 
able dilution of the latter. It is also possible 

. to eliminate the layer It when employing plain 
carbon steel strips by welding the strips to the 
inside of a subsequent layer.‘ 1 ‘ 
A layer 22 is next formed and drawn over the 

shell section previously fabricated. This layer 
is formed from/a plate of similar'alloy as the 
layers l1 and I8. Welding conditions are pref 
erably maintained similar to those described in 
‘connection with the ?rst layer and each weld is 
preferably stressrelieved prior to the applica 
tion of additional layers. Each plate is drawn 
tightly over the preformed structure and'held 
clamped during the welding process. 
Additional layers 23 are built up around the 

' shell until a vessel of the desired thickness is 
obtained. Outer layers 23 need not be impervi 
‘ous to hydrogen, but may be formed from plain , 
carbon steel plates. ' In fabricating the outer 
layers the practices set forth in the Stresau pat 
ent previously mentioned may be followed, ‘with 
seams either superimposed or staggered. As '11- . 
lustrated the circumferential seams are super 
imposed and a deep groove is provided for the 
vweld deposit 24. This groove may be formed. 
by using-layers of slightly decreasing width or 
by chipping out a tapering groove after the lay 
ers are wrapped and the longitudinal seams , 

Welded. 
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Communicating with the gaps 20 and 2| be? 

tween the strips l9 are a series of holes 25 drilled 
through the outer layers of the vessel and pene 
trating to the space between the strips. Holes 
25 are spaced circumferentially of the shell and 
preferably communicate with the circumferen 
tial spaces 2|. As illustrated the holes 25 are 
about midway of the ring sections and a suit 
able number of holes are drilled in each ring 
section to.insure su?lcient communication with 

_ the outside of the vessel. 
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In addition to these ‘holes, ordinary vents, as 
disclosedin the Stresau patent, may be provided 
Such vents prevent the exertion of extreme pres 
sure on the outer layers should a break occur 
in the inner shell and also permit the escape 
of air when the layers are expanded by in-v 
ternal pressure. The holes 25 will serve the 
same purpose, but are more difficult to form and 
accordingly only a few holes are provided, and 
their purpose is to prevent the building up of 
hydrogen pressure adjacent the carbon steel lay~ 
ers and thereby protect the same from hydrogen 
embrittlement. ' 

There are wells 26 drilled into the circumfer 
ential seams or girth joints in which thermo- ' 
couples may be inserted to measure the tempera 
ture at the inside of the vessel. Such wells ex 
tend to the first plain steel layer. but are in di 
rect thermal communication with the innermost 
layer because they are drilled into the weld which 
extends to those layers. ‘ 
By use of the structure disclosed, any hydro 

gen or other gas which may be absorbed in the 
steel and passes through the innermost layers 
will be conducted to the communicating passages 
20 and 2| formed by the‘ spaces between the 
strips l8 separating these layers from the outer 
layers, From here the gas is conducted to the 
outside of the vessel by means of the holes 25. 
There is no danger of embrittlement in the outer 
layers of weld deposits along girth join-ts because 
the passages adjacent the weld provide an area 
of low pressure for, gas removal. 
When the vessel just described is subjected to ' 

. opera-ting conditions, the gases absorbed in the 
inner layers will gradually ?nd their way to the 
passages 20 and 2t formed between the strips 
is. These passages are at low pressure because 
of the external communications and act to pro 

- tect the whole shell surface. The gases follow 
ing the course of least resistance will, if absorbed 
in the spacer strips, pass laterally into the pas 
sages 20 rather than radially through the outer 
layers. As a result the outer layers are not sub 
jected to gas attack , and may be constructed 
of plain carbon steel. 
The spacing strips illustrated in the drawings 

cover a relatively large area of the layer upon 
which they are laid, thus forming a substan 
tlally cylindrical surface to support the outer‘ 
layers of the vessel. ,By this design, it is pos 
sible to press the outer layersvtightly around 
the inner shell and obtain the advantages of lay 
er construction in resisting high internal pres 
sures. - 

The ‘rate of hydrogen penetration into the 
‘steel adjacent the interior of the vessel is de 
pendent upon the temperature and pressure. 
Under the high temperature and pressure condi 
tions of hydrogenation processes'gas penetra 
tion is rapid and embrittlement quickly deterio 
rates the metal. In describing the alloy metals 
used in the inner layers, the term resistant to 
gas absorption is used in the speci?cation and 
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claims to mean an alloy metal which may have 
high resistance to gas penetration, greater re 
sistance to embrittling effects resulting from the. 
absorption of gas in thematerial, or both. Some 
penetration cannot be avoided, but this gas, al 
though at high temperatures, does not injurious 
ly affect the outer shell stock because of the 
pressure relief’ afforded by the gas collection 
chamber communicating with the outside of the 
vessel. Meanwhile longervlife to the inner layer 
or layersis obtained through the selection of an 
alloy metal having resistance to gas absorption 
as described herein. 
In selecting material for the outer layers, vit 

is contemplated that an alloy‘steel such as mo 
lybdenum steel may be used rather than a plain, 
low-carbon steel to obtain greater strength. This 
invention is not limited to any particular choice 
of steels, but‘ its’advantages are equally appli 
cable to' all steels through the protection afforded 
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sistant to gas absorption, and theouter section ' 
of said shell being formed of layers of material 
protected by the inner section from injury by 
gas absorption, said outer section being addi 
tionally protected from gas absorption by a se 
ries of interconnected passages between two ad 
jacent layers of said vessel and communicating 
with the outside of the vessel for withdrawing 
gas passing through the inner layer, at least one 
of said two adjacent layers being a layer of said 
inner section. ‘ 

2. A pressure vessel for use in chemical proc 
esses in which nascent hydrogen is present in 
the vessel under conditions of high temperature 
and pressure,‘ and having a steel shell-compris 
ing a plurality of layers of sheet metal concen 

_ trically arranged in close ‘engagement with one 

20 
the outer still shell by the means here disclosed. ‘ 
,Instead of using chrome vanadium steel for 

' the inner layers, a 4-6% chrome alloy is suggest 
ed as suitable, the alloy having a molybdenum 
content of from .4-.6% and a carbon content 
of approximately .l0%. Other alloys may be 
used which are resistant to hydrogen embrittle 
ment and possess the necessary strength for the 
present purpose. In the alloys heretofore sug 
gested the carbon content is kept low to facili 
tate welding, and the ?rst mentioned alloy is 
considered most preferable because of its duc 
tility and the facility with which it can be em 

' ployed in the layer constructed vessel. 
The heads‘ are made of substantially similar 

material as the inner layers and are preferably 
forged and machined to accurate dimensions. 
Suitable openings 21 are provided in the heads 
for bringing the oils and gases into the -vessel 
and for conducting them therefrom. The heads 
may be constructed of layers similar to those 
of the shell‘ _ 
Various embodiments of the invention may be 

made within the scope of the following claims. . 
Iclaim: ' 

1. A pressure vessel comprising a shell formed 
from a plurality of layers of metal welded to 
gether, the inner section of said shell being 
formed of a plurality of layers of material re 
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another, said shell being separated-into an outer 
section for withstanding the working stress and 
a relatively thin inner section by a series of spac 
ing elements serving to transmit the working 
stresses from the‘ inner section to vthe outer sec 
tion, said elements being so spaced as to pro-' 
vide _a series of inter-communicating chambers 
between said sections for the collection of hydro- . I 
gen passing through the steel, and means com 
municating with said chambers through the out 
er section to relieve the gas pressure created ' 
therein. 

‘3._ A pressure vessel comprising a shell formed 
from a plurality of. layers of metal welded to 
gether, the inner section of said shell being 
formed of a plurality of layers- of material re 
sistant to gas absorption, and the outer section 
of said shell being formed of layers of material 
protected by the inner section from injury by ' 

- gas absorption, said outer section being addi 
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,tionally protected from gas absorption by a se 
ries of‘ interconnected passages formed between. 
two adjacent layers by spacing elements of ma 
terial resistant to gas absorption, said elements 
being welded to the adjacent inner layer and serv 
ing to transmit working stress to the outer lay 
ers of said vessel, said passages having com 
munication with the outside of the vessel for 
withdrawing gas passing through the inner sec 
tion, and the inner layer of said two adjacent 
layers being a layer of said inner section. 

FREDERICK _K. 


